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(54) Impedance feedback monitor for electroeurgical instrument 

(S7) An «npaoancairnon«c»rin9 device is presided for 
monitoring the electrical i mp e da nc e of - tissue a* it » 
treated wttietectrosurgical energy. Basedon a predicted 
model of tissue impedance arid a number of rtttal rrv 
pedance reeofeos* the impodanee at wnich tissue treat- 
ment te completed is predicted: Mora parifaferty. a min- 
imum vnpeoence level is measured anda function of the 
minimum irnpedance is used tooetormrte vhpedance at 



i coagutsboh is completed. A control device is pro- 
vided tor tmnging the output of trie generator within an 
cptimom range based on a system load curve. In one 
ernbbdiment the ^ ntpedartce nnnttc<ing devce is used 
in conjunction wsh a bipolar electroeurgical instrument. 
Preferably, the insmjment comprises eleetricatly oppo- 
etactrooes located on one or more tissue engaging 
surfaces lor engaging tissue to be treated. 
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Description 

Field of the Invention 

This invention relates to electrosurgjcal tissue treat- 
ment and « particular, to a meihod and apparatus tor 
controlling tha electrosurgical treatment of tissue by 
mea&uring rnpedance ol tha ttssua being treated by an 
electrosurgical davica 

Background ol tha Invention 

Elertrceurgtcsl generators a/a used lo deliver ther- 
apeutic alactricaJ anargy to surgical inatnrnonts- These 
instruments ara used for example, tor culling, coagula- 
tion, tissue welding, ablation, and dissection. Both mo- 
nopolar and bpoter generators typically supply electro- 
surgical anargy « the radio frequency |RF) range to such 
tnstnimants. Usually such generators inctude control 
that regulate tha voltage anchor current so that a select 
power level is approximately delivered and a maximum 
power level is not exceeded. 

When such RF generators ara used, the pnmary 
control is the experience of the surgeon who responds 
to what is observed to be happening to tha tissue as it is 
treated wrth the RF energy. Often, pan^cutariy tot ond °- 
ecopc prcceduros, surgeons cannot readsy sea what is 
happening to the tissue! Also, tha change in tissue prop- 
erties due to the RF energy may occur so<jufcWy so as 
not to afford time for the surgeon to react soon enough 
to turn off electrical energy to the mtrument As a result, 
soma problems which may occur includa tissue chairing, 
sticking of tissue to tha electrodes of the surgical instru- 
ment, and over or undef treatment of tissue. 

It has been recognized that the tissue impedance 
changes a* RF energy is applied to the tissue. Attempts 
have been made to control the power delivered to the 
tissue as *ie tissue impedance changes. For example, 
current has been controlled based on the change in the 
voltage or me power delivered by the generator to tissue 
The differential quotient ot tissue impedance as RF pow- 
er o applied to the tissue has been used to determine 
an initial power level and to switch off RF power when 
the Differential quotient of impedance reaches a preset 
value. 

Notwfthstandtng these control arrangements, there 
is a continuing need tor improvement in the control of 
etectrc4urgicaf energy deliverance to the tissue endtor 
detormration of when tissue treatment has reached an 
optimal level. 

In particular there is a need to provide a device and 
' method for determining the end point ot coagulation tor 
a variety or a range of tissue innpedance. oX»e to. e.g.. 
varying tissue competition tissue types and treated t»- 
sue areas anoYor volumes. 

The present invention relates to a device and meth- 
od of the type described r> EP-A-O 640 317. 



Summary of the Invention 

The present invention provides an impedance mon- 
itoring device and/or method which monitors the imped- 

5 ance of tissue between i poles of a therapeutic electraeur- 
gicat instrument. Baaed on a model of expected tissue 
impedance behavior over time with the deliverance of 
alectrosurgical energy; the monitored tissue impedance 
is used to determine tissue status. This wiH be described 

to in more detail betowi A signal Indicating status ot tissue 
is provided ether to a user or to an instrument controlar 
The davica may also include a switch which automati- 
cal ty turns off the electrical energy when treatment b 
completed. 

is in accordance with the present invention, a tissue 
,mpedance monitor is provided which continuously 
measures tissue impedance as eJectncal energy is de- 
livered to tissue. Accordmg to known tissue irnpedance 
models, tissue impedance ir^ieJtydicpcasek^ctfical erv 

to «ryy* applied and then begins to rise b^m as coagu- 
lation occurs. The present invention provides tor eetab- 
lishrtg a vatoe tor the minimum impedance, ie., when 
the impedance is at its lowest value as aSi^enew 
plied. The*, the »npedar»>alue anticipated to provide 

2S the desire^ tisst» e4rectB 

selected function of the established minimum imped- 
ance. When the measured impedance rises to the level 
of the impedance value tor the desired result, S.g.. co- 
agulation, tissue we l di n g or a level of diathermy, the in- 

jo strument w» indteete or provide a response for such 
event. The present Invention is preferably adapted so 
that the cortdttton is detected for a range of expected tis- 
sue impedances which varies according to 

area andtor volume, 
js toapreterrexlernbcxltoentthe desired tissue condi- 
tion is where coagulation is completed. When *»s point 
has been reached a feedback signal is piovidedto a con- 
trol una or to the user, at which time the energy supply 
is switched off. The feedback signal may. tor example. 

so provide a visual, aud«>to or tactile sigr^ to a user. a^cVor 
may provide instructions toacontiol una to automatical 
turn off energy supplied to the tissue. 

Optionally, the device may also include a switch, 
adapted to turn off electrical energy when a short circuit 

*i condition is detected, when an open circuit concftton » 
detected or when the device is on. i.e.. supplying current 
or voltage tor a preset maxxnum amount of time. 

in accordance win one aspect of the present inven- 
tion, an alectrosurgical annarat us tor coagulating tissue 

so durrig a surgical procedure comprises an end effector 
with opposxtg interlacing surfaces which may be closed 
towards each other to engage tissue to be etectroeurgi- 
catty treated. Preferably the end eflector includes first 
and second elements movable relative to one another 

u tor engaging tissue to be coagulated therebetween. At 
least one of the electrical pcesetf 
prised ot an electrode associated wtti atlaaatoneof tha 

first and mmeona *l*m*#««. TK* ♦ f o l/ oc** « 
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with the issue to be coagulated. A power controller re- 
sponsive to a power control signal provides RF energy 
to the tissue contact^ electrode^) of the first andtor 
second elerrients. 

Impedance measuring circuitry is coupled to the RF 
generator output and measures the impedance of the tis- 
sue between electrodes corresponding to the first and 
eecond poles Feedback circuitry is coupled to the im- 
pedance measuring circuitry. The feedback circuitry in- 
cludes a first device for detormriing a minimum imped- 
ance value end holding said minimum impedance value. 
A second device provides a threshold determining circuit 
coupled to the first device. The threshold determining cw- 
cut determines a threshold impedance value as a func- 
tion of the held minimum impedance value. 

the threshold c^terrnining circuit may comprise an 
analog device for determining the function of minirnum 
impectence or, a digital circuit including, lor example, a 
look up table tor determining the threshold impedance 
value based on an input minimum impedance value. 

Alter a threshold value has been delermmed. a first 
comparator compares u>e measured impedance value 
10 threshoto impedance value and generates a power 
control signal to the power controller to control the RF 
energy deSyered to the tissue upon the condition ofthe 
measured tfhpedance value exceeding the threshold im- 
pedance value. 

A power controller may include at least one electrical- 
switch tor selectively supplying RF energy to the instru- 
ment to coagulate tissue positioned between the first and 
second elements. 

The power controSer may selectrvely swrteh oft the . 
power suppfecVtb the tissue under a number of condi- 
tions. The controller rna> be used to. switch off power 
when the measured impedance value exceeds the 
threshold impedance value, when an open circuit condi- 
tion or a short circuit condition exists, or if voltage end 
current is suppaed for a period of time exceeding a max- 
imum. 

Another aspect of the present invention provides a 
control device tor. bringing the energy output of the gen- 
erator within an optimal range determined by a system 
toad curve The control device uses measured toad im- 
pedance to determine the desired energy level output 
and compares the desired energy output to the actual 
energy delivered to a target including tissue. The control 
device takes the resutung comparison and controls the 
generator output accordingly. 

A»houghmeinstrume>« 
or a mutt^olar device ncluding two or more than two 
poles, the end effector preferably includes two electrical- 
ly opposite electrodes corresponding to two electrically 



In the preferred bipolar device, electrically opposite 
electrodes of each of the poles are located on one or 
both of the opposing surfaces. Each of the first and sec- 
ond oloctncarty opposite poles composes at teas? one t»- 
sua contacting ele clro d i a. Tha aleclxodas are arranoad 



on the distal end of the eiertrosurojcai device so that 
when the first and second elements close together to en- 
gage tissue, opposite electrodes are located between a 
portion of the engaged tissue. The irnpedance monitor. 

5 ing circuit monitors the irnpedance of trie tissue between 
the electrodes during the defivery of RF energy through 
thai tissue. As described above a minimum impedance 
is measured from which threshold irnpedance is calcu- 
lated. A oornparator compares the measured hfnpedance 

to values to the determined threshold impedance value and 
generates a control signal to switch off theRF power de- 
livered to the tissue, upon the coridrtion of measured im- 
pedance value exceeding the threshold irrye da nce val- 
ue. 

is inbnepretenedemb^ 

corresponoVvg to the first pole are of set wxh respect to 
the interfacing surface from each c< rhe electrodes cor- 
responding to the second pole. In other words, trie elec- 
trodes are offset from each other so that they are not 

20 rtarnetnceJy opposed from each other on interfacing 
surfaces or they are separated and insutated from each 
other on the same surface. 

tothe preferred ernbaSrr^ in- 
strument compreeees tissue in a concession zone be- 

21 tween the first tnterfaong surface end me second inter- 
facing surface and applies electrical energy through the 
companion zone. More preferatty. «he expression 
zone is an area defined by a r^cnipresaibn rklg^^ one 

■» of the rtterfaong surfaces which comp^ 

so against the orh^ imertacing surfaces 

aotfton. there may be a cprrxsression ridge on both in- 
terfacing surfaces. 

One erhbOcSment irx^udes a cutting eler^ 
ciated with an end effectoc The cui^ elerjnent b ar- 

is ranged to cut tissue at or near fte coagulation site. Pref- 
(KBby. the coagulation is completed prior to any me- 
chanical or other cutting at or around the coagulation 
site. Once tissue is coagulated or cauterized, the cutting 
element may be used to cut through the coagulated tis- 

40 sue or between two zones 6J tissue coagulation. 
In another ernbodmeht ine herhost^ 
corporate* into a sneer cutter similar to a linear cutting 
mechanical stapler. In this ernbotfrnent the hemostatic 
o%vice corr^risee two subeta^ 
45 ed electrode bara which are a s socia t e d with one pole, 
and a slot tor cutting means to travel between the bare. 
Optionally one or more rows of staples may provide on 
each side of the slot and bars to provide addrtionat he- 
mostasia. 

so In operation tissue is damped between two jawso* 
the instrument and electrical energy in the form of radfo 
frequency CRF") energy is suppeed to the confessed 
tissue to coagulate or cauterize blood vessels atong the 
two substantially pareSel bars. Based on the irrvedanca 
modeling of the device with this epectfic electrode con- 
figurabon. an appropriate function of the minimum m- 
pedance is incorporated mto the impedance feecfcack 

are*** to datatmm* an aoonaoriata ^••Ho" 
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Uvol A warning mechanism ic used to warn the user 
whan me impedance » oui of fang© or exceeds the 
threshold srpedance level. Also the warning signal may 
be directed to a control circuit or power controller adapt- 
ed to than provide an appropriate nstrumont response, 
inctudvig where appropriate to turn oft the RF energy de- 
livered to the tissue. 

In accordance with another aspect ot ths present in- 
vention a rnethod ot chelating apparatus for electrosur- 
gtcairy treating tissue during surgical procedure is pro- ' 
vided. Accordngly. a preiarred method comprises me 
steps of. applying RF energy *p tissue to be etectrosur- 
geaily treated by means of an electrosurgical instru- 
ment; measuring the impedance of the tissue between 
electrodes corresponding to two poles of the electrosur- 
gical instrument; generating the impedance signal rep- 
resentative of the impedance of the. tissue; and control- 
ling the RF energy applied to the e^rosurgicat instru- 
ment k> response to the impedance signal 

The step of coraroemg ttm RF energy applied io the 
electrosurgical ir^run^ rnay comprise the steps of: 
determining and holding 'minimum vnpedance value: ^ 
terrnHVigatrvesh^^ 
tion c4 the rnswrmim iri^^ 

tired impedance values to the threshold vnpeoance val- 
ue; arid generating a control signal to control or switch 
off me power ot the controller upon the condition of 
measured irnpedance value exceedir^ ttie ^resrwld im- 
psdence value. 

In accordance with yet another aspect ol the present 
invention, a method of operalmg an atectrosiirgkat ap- 
paratus for coagulating tissue during surgical procedure 
cornprisesthe steps ot presiding an electrosurgical in- 
strumem having an end elector comjprtsir^;tt^ first and 
second tissue eng^g>>g 

and second tissue i engaging siwfaces including thereon 
a tissue contacting ele ci tode, associated witfi a first pole 
of an electrosurgical system and at least one of said first 
and second tiseue engaging surfaces containing thereon 
a second tissue contacting electrode associated with a 
second pole of the system; engaging tissue to be coag- 
ulated between the first and second tissue engaging sur- 
faces; selectively controlling RF energy suppfied to the 
first and second tissue contacting electrodes for coagu- 
lating tissue positioned therebetween: measuring the im- 
pedance of the treated tissue: determining and holding 
a minimum impedance value: determining a threshold 
impedance value based on a 1 unction of the mnmum 
irnpedance value: comparing measured impedance val- ■ 
ues to the threshold impedance value; and controlling or 
switching off the RF energy connected to W%9 first and 
second electrodes upon the condition of the measured 
impedance value exceeding the threshold impedance 
value. 

Other objects and advantages of the invention wit 
apparent from the fosowing desenpuon. the accompany- 
ing drawings and the toiowing ctaims 



Brief Description of the Orawmqs 

Fig. 1 is a side view of a bipolar endoscopic electro- 
surgical instrument operable in accordance with the 
► present invention; 

Fig. 2 is a partial cross-sectional view of the distal 
end of the rotrument of Fig. 1 in an open position; 

o Fig. 3 is a partial cmss-sectiohel view of the distal 
end of the instrument in Fig. 1 in a closed, untired 
position; 

Fig. 4 is a partial cross eectional view of the distal 
t$ sndoftr^instrwms^ 

Fig. 5 is a Irorit cross sectional view of thedietaJend 
of the instrument of Fig. 1 along the sne 5-5; 

to Figs. fr£ represent a scnen^tic Wc^ o^yam of a 
rracroprocessor controlled irhpedahce monitoring 
apparatusforcontiossigthe 
electrosurgical t^strtirr^rt * 

2$ Fig. 10 is a schematic block d^^mol an analog 
embodiment of the controller to* use in the appara- 
tus of Figure 1; ^ . 

Fig. 11 tea togteb^gramofW 10 

30 i**iratirtg ccnirof lo$e for RF output control; and 

Fig. 12 is a ctiaractensoc curve illustrating the 
change m irnpe da nce over time dunng application 
of etectrc«urgica) energy to tissue using the etectro- 

31 surgical instrument «ustrated in Figure 1. 

Detailed D— ertotton of the Invention 

Whde the present invention is general ly applicable 
40 io a variety of else h us urojceJ iretfurnenU both monopo- 
fer arid multipolar, at* 1^ 

ic. it witt be Ascribed here* with reference to a bipolar 
linear cutting instrument. 

The prtnary purpose of oSier irnpedance monitoring 
45 o^vice tsto o^errnine wt^ 
toadesir«fo%e* Pf^^ 

ed when the tissue has been cauterized and betore ex- 
cessive tissue sacking, burning or chairing occurs. The 
impedance of tissue as it is being heat ed with electro- 
de surgical energy generaffy follows m ctwactenstic tissue 
mpedshce curve. According Io the impedance curve, 
generasy the snpedence wsl decrease, arrive at a rnW- 
mum value, and then rise as coagutstfonandUssue des- 
iccation occurs. At an irnpedance or within a range ot 
55 *rpeo*nces ori a cnaiacteri 
preolctablir occur. 

Figure 12 is a characteristic impedance curve iHus- 
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the application ot electros urgical energy using the elec- 
trosurgical instrument illustrated in Figs. VS. The 
present invention determine* a threshold impedance on 
the curve at which coagulation has occurred 2 iM09 ^ i 46. 
Thb impedance is based on the value ol the lowest im- 
pedance on the curve. 2^*, 45. i e.. when the impedance 
has stopped lading and begins to nse. A function of the 
minimum impedance '(Z^) b used to approximalery 
predKt a point at which coagulation occurs. Z^^, 46. 

Referring now to Fig. 1 0. there is ifcusueted a sche- 
matic block diagram ol an analog embodiment of the im- 
pedance monitoring device ol the present invention. The 
impedance monitoring device determines when coagu- 
lation is complete, as wel as other instrument parame- 
ters, tor example, if there is an open circuit, short circuit 
or if voltage and current is supplied to the tissue for more 
than a predetermned maximum amount of time. Such 
conditions may indicate a problem with the instrument 
and/or tissue engaged by the instrument. For example, 
if excess**, not enough, or.riapprcpriale tissue is en- 
gaged by the instrument. 

the instrument 10 is positioned to engage Tissue to 
bo treated. Then, when appropriately posaioned. r RF en- 
ergy is supplied, to the tissue. 

A generator 70 supplies RF energy to the tissue en- 
gaged by the end effector 15 of the instrument 10, Pref- 
erably, 30 to 200 volts RMS at a fundamental frequency, 
preferably of a sinusoidal waveform eL a frequency of 
about 300 Khz to 3 MHz is supplied with a current of about 
0. 1 to 4.0 amps. The generator 70 is turned on by a user 
operated, switch 42 The user .operated switch 42 pro- 
vides a signal to the controller 79 to turn on the energy. 
The output 129 of the controller is coupled to an analog 
switch 1 30 When output 129 provides an "RF on" signal 
to the swhch. 1 30, an osctiator 72. coupled to an analog 
multiplier 75 through the switch 130. supplies a voftage 
of a known I reojuency to the analog muttipfcer 75. The 
output of the analog multiplier 75 is coupled to a driver 
76 which is coupled to the input of an RF ampUKer 71. 
An amplified RF signal is supplied by the generator 70 
to a circuit 80 which includes the first electrode 39 and 
second electrode (anvil 1 8) of the instrument 10. and 
the tissue 43 lo be treated by the instrument 10. 

The current! and voltage delivered to the tissue is 
measured and an RMS current < t nMS *) and an RMS volt- 
age (*Vrm$~) « determined. 

A voltage and current sensor 61 senses the current 
and voftage delivered to the tissue. The voftage and cur- 
rent sensor 81 includes a low impedance current trans- 
former 62 in series with the generator TO. and a high* 
. impedance voltage transformer 83 connected in parattel 
across me generator 70. Preferably the current trans- 
former 82 has. for. example, a 1 :20 winding ratio and a 
SO ohm resistor in parallel with the secondary of the 
transformer, preferably the voltage transformer 83 has. 
tor example, a 20:1 windVtg ratio and a IK ohm resistor 
in parallel with the secondary of the translormer. 

The output of the current tfanstorm*r 82 is couoted 



• to an RMS converter 84. The RMS converter 64 converts 
the sensed current to a DC signal to provide output 86. 
representative of Irms- The output of the voltage trans- 
. former 83 b coupled to an RMS convener 65. The RMS 
s convener 85 converts the voltage signal into an DC sig- 
nal and prcwde output 87, representative of V RMS . 

The measured impedance. Z, is then calculated 
from the measured and V RU3 . The outputs 87. 85 
of V RUS ami l AM 5 are supplied to an analog divider 88 
t<> which divides the Vrms by the current 1^^ to provide 
an output signal 89 representative of the measured Irrv 
pedance, Z. . 

From the 1^43. V^g and measured impedance* Z. 
. the impedance mccirtoring device determines whether a 
1* short circuit or open circuit condrtion exists, whether voft- 
age and current has been delivered for an amount of time 
exceeding a predetermined maximum, and whether co- 
agulation » complete. 

A short circuit condition is determined by .comparing 
20 the measured impedance. Z. to. a predetermined short 
circuit irnpedancfi threshold at or below which short cir- 
cuit is likely to exist (*Z$c*)' W the measured Z is at or 
below the Z^, a short circuit signal is provided to the 
controller. 

2& The impedance signal 69 te input to a short circuit 
detector 90 comprised of a comparator; The positive in- 
put 92 ot the comparator is connected to a potentiometer 
93 which . sets (he threshold impedance. Z^c-When the 
irrxjed^nce signal 89 causes the input at the negative 

30 input 94 of the comparator 91 to be tower than that at the 
positive, input 92. an "on" condition occurs at the output 
.95 of the comparator 91: This condition is corrvnunicaled 
to a logic controfer 79 which provides a prepr c ^arnr ne d 
instrument response, which; in this embodiment, in- 

js eludes turning off RF energy. 

An open eveuft condition exists if there is a voltage 
between me elect r odes 18. 39. and no current An open 
circus is determined as follows: It the V RWS is above a 
predelermirted minimum threshold Micating a voltage, 

40 v t>mh' a*** 1*1*, is betow a predetermined mmimurn 
current threshold indicoting a current men en 

open circuit signal is provided to a controller: 

A current mreshold detector 106 includes a potenti- 
ometer 107 coupled to the negative input 106. The po- 

4$ tentiometer 107 sets the tftu»«ti level so thai when a cur- 
rent is present, the current detector 106 win indicate as 
such. The Irus signal 86 is connected to the positive in- 
put 109 of the comparator 106. Thus, when the 1^ is 
greater than the value. I^^' set by the potentiometer 

so 107, a positive voftage appears at the output HOolthe 
current threshold detector 106. 

Simitarly. a voftage threshold detector 113 includes 
a potentiometer 114 connected to the negative input 1 1 5. 
The potentiometer 114 sets the voftage threshold at 

55 whk* the trirohcJd detector 113 reg^ 

put* v puitfi when a minimum voftage is present The 
Vp^is signal is input to the positive input 118 of the 

threshold dot actor 113 Thus. If m* V^, 
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v iht**h sot *>y tho potentiometer 114. a positive voltage 
wilt appear at the output 11 7 of the voltage threshold de- 
tector 113 

The output 1 1 7 ol the voltage threshold detector 1 1 3 
is also coupled to an AND gate 111 and the output 110 
of the current threshold detector 106 ts coupled to an in* 
verted input 1 1 2 of the AND gate 1 1 1 The AND gate 1 1 1 
acts as an open circuit detector. When the exceeds 
the and where the I rub does not exceed I 

a logic 1 witt appear at the output 120 of the AND gate 
111 indicating an open circuit- The output 1 20 of the AND 
gate 1 11 is coupled to the controller 79 to communicate 
tne open circuit status. 

If current or voltage is supplied an extended period 
of time and a coagulation complete condition has not 
been detected. H may indicate, for example, that the in- 
strument ts not clamped on tissue or that a malfunction 
has occurred, tf the V ftMS is above the predetermined 
v om* ,h * *rms *» abov * (mi***, then a timer is turned 
on.il the timer is on for a period of time greater than a 
predetermined maximum amount of time. T mJtt . men a 
Una over signal a provided to the controller. If the dura- 
, lion of the timer on ts not greater than T^ then me de- 
vice continues to supply RF current to the tissue and con- 
tinues to measure current voltage and impedance, etc. 
as described above. 

The output 1 1 0 of the current threshold detector 1 06 
ts coupled lo an OR gate 118 which *6 coupled to a timer 

121 . If the Iftu* exceeds the 1+^*. the output 110 of me 
current threshold detector 106 wiH present a logic 1 to 
the OR gate 118 which witt then turn on the timer 1 21 

Similarly the output 117 of the vottage threshold de- 
tector 113 is coupled to the OR gate 118. If the is 
exceeded by V^, the OR gate 11 8 wilt present a logic 
1 at its output 119 and turn on the timer 121. The output 
1 23 of the timer 1 21 is coupled to the controller 79. When 
the timer 121 has been activated tor an amount of Ume 
that exceeds a preset threshold time. T^. the output 
123 w* be a logic 1. The timer is reset with the user ac- 
tivated switch 42 which is coupled to the timer reset input 

122. when me instrument 10 b reset 

A coagulation complete condition is determined as 
. foftows: First, Z^* is determined. Then, a target imped- 
ance at when coagulation is complete. Z^^. is calcu- 
lated as a function of the minimum impedance. The initial 
impedance. Z^. Z im ^ %t slope of the impedance curve, 
and time to complete may vary for a given application 
and/or instrument, but tend to correlate to a function of 
minimum impedance. Depending on the rotrument used 
and/or the, actual desired result me actual function of 
minimum impedance may vary In this particular embod- 
iment tf^J is shear: IfZ.*,*) = 0.2Z + 500 This function 
ts bound. i.e.. where 2^, is > 560 ohms, men Z*^., « 
Z^ + SO ohms. HZ^) may be a dtfterent function. It 
may be ecritnuous. non-contmious, fcneer, non-Knear. a 
piecewise approximation and/or in the form of a look-up 
table, f (Zmte) may also be bound at different values 

The impedance signal 89 is used to determine tts&ue 



coagulation as follows: First, a determination is made 
whether the measured Z is a minimum impedance. Z m ^. 
The impedance signal 89 is inverted and offset by a gain 
offset mverter 96. The output of the gain offset inverter 
5 96 is in turn is coupled to a pea* detector 97. The output 
T02 of the gam offset inverter ts representative of an in- 
verted and offset measured Z. i.e.. (Z+k). Z^ will now 
be the highest offset value of (-Z + k) encountered. 

The peak detector 97 thus detects and holds the 
i o - highest value of meinverted and off set measured imped- 
ance, Z. which is Z^i*. When Z^ has occurred, the out- 
put 103 of the peak detector 97 n representative of {-Z^ 
' ♦ k) RFeneTWiaccntim>edtobe e 
and the monilonng tor short chcu^qpencircuil and lime 
» J over as wen as looking for a Z^ continues until a 2 is 
equal to Z^,. 

When the Z^ has been determined, function of the 
Zmm. {H*juj i» ** calculated to provide a impedance, Z^,. 
^ at which treatment (coagulation) is completed. The 
20 output 103 of the peak detector 97 is coupled to a thresh- 
old determining circuit 98 which calculates the function 
of Z^i* to determine the 2% m7mt The output 99;of the 
threshold determining circut is representative ol Z^^ 
when me measured knpedance is equal toZ^. 
2S A continuous comparison is made between Z and I 
(Zmto^ ttsnouUberwtedherelnatffZ^^ 
calculated as f(Z) until a Z,^ is deteefs^tfie compari- 
son is eontiniidusVrnao*beb*feenZar^^^ 
b determined. This does not have a significam conse- 
y> < quence. however, became k is anticipated that l(Z) wiH 
be larger than Z during tissue trsalmef^ and a premature 
coagulation complete signal therefore w* not occur. 

IT measured Z b less than or equal to the then 
RF ariergy is continued to be suppled and steps de* 
as scribedaboves*ecan^otituntila» 

vided to the ccntroser that there is an oc^ circu4 signal, 
short circuit signal, a time over signal or a coagulate 
complete signat If the measured Z is greater than or is 
eojua*to a Z|«^ t t*thena signal is prcvidsd to trW controller 
do thai coagulation has been completed. Again if \m noted 
mat in this emfcbtfment, Z has been inverted and shifted 
in order to accommodate Z,,* delemiirtation vtamepeak 
detector 97. The impedarice values referred to in this 
paragraph are the actual irnpedance values 
4* Trie outptt 99, Ztft^c* trie thr^^ 

circuit 98 is coupled to the positive input 101 of a com- 
parator OP amp 100. The output 102 of the gain offset 
inverter 96 is coupled to the negative input 104 of the 
comparator 10O. The cc<rtparatbr 100 compares the -Z 
so > k representative value which is input to me negative 
nput 104 of the comparator 100. to me Z^., represent* 
alive value which is calculated as a function of ♦ k. 
if -Z ■ + k is less than or equal to the Z,^,. the comparator 
output 105 wiH be positive. That is. if the measured Z is 
ss greater than ((ZJ, a coagulation complete signal will 
appear at the output 105 of the comparator 100. 

A signal is provided toecorttic^erloreach condftion 

indtcatino whether or oerf m qw* ****** tJp— * 
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the existence of one or more of these conditions the RF 
energy is automatically turned ott by the controller. Fig. 
11 illustrates the system logic of the controller 79 The 
controller 79 includes a short circuit input 1 24, a coagu- 
lation complete input 1 25. an open circuit input 1 26 and 
a tvne out input I27..as weO as a reset input 128. The 
controter 79 also indud«» a RF control output 129 which 
switches on anoVbr off the RF generator delivery of elec- 
trosurgical energy to the tissue. As long as the output 
129 is a logic J. the RF is on. The output 129 is a logic 
1 when coagulate complete 125. time out 127, short cir- 
cuit 124. the open crcu* 126 and the reset input 128. 
are an at a logic "OMf any one or more of the Inputs 124. 
1 25. 1 26. 1 27i 1 28 are at a togsc ' V the RF control output 
129 is a logic *0* and the RF is turned oft. 

A pt^Brr^d embodiment provides a control device 
which controls the generator energy output based on 
load impedance. The load vnpedance is used to deter- 
. mine a preferred energy,, level, e.g., voltage, current or 
power level, based on a specie system toad curve for a 
generator, instrument anoVor application. The control de- 
vice then compares the actual energy level for the meas- 
ured impedance with the desired energy level and ad- 
justs the generator output accoro>>g to the diflefence be- 
tween the two, i.e.. preferably to mirwrwe the difference 
between the two. 

The specific load curve pre! sj^abtyacflects the vott-: 
ege. current, power, for.a ran^ will 
optimize performance of the instrument: The load curve 
may have various forms, fcr example, it may be contin- 
uous or may be stepped. The load curve may vary tram 
generator to generator, lor a pellicula/ instalment in use 
with the generator, or for a particular elearoeurgical ap- ■■ 
pfacatioin of the generator. For example, in a one embod- 
iment using an instrument r such . as, described herein, 
three impedance ranges have been identified at which 
different energy requirements exist: Initially tissue im- 
pedance is in a lower range, e.g.. approwmately 20 to 
100 ohms. In the lower ranges* more current is required 
to provide enough power to initiate tissue coagulation. A 
second, mid-range oT impedances, e.g., approximate^ 
1 00 to 500 ohms, requires enough power to maintain the 
coagulation process. A third range of higher vnpedances 
typically occurring towards completion of coa g ula t ion, 
e.g. approximately SOO ohms and: above, requires the 
voltage be limited to prevent sparking and tissue sticking. 
Thus the system load curve in this embo di ment would 
reflect both the inherent characteristics of the generator 
and voftage output at which optimum power is delivered 
for a particular vnpedance. as wett as the specific power 
requirements for a predetermined instrument and appli- 
cation. 

Referring to Fig. 10, a generator with a servo loop 
control devioe. is rflust rated. The impedance signal 89 
and the voftage Vrms signal 87 are fed back to the gen- 
erator 70 through a control device which comprises a 
function fitting device 61 and an error amplifier 62. The 
control device ctuim W»e p i ntr tof 70 to Droduce volt- 



ages within a desired range based on a toad impedance 
fit to a specific toad curve. 

The impedance 89 ie fed to a function fitting device 
61. The output 64 of the function fitting device 61 repre- 

s sente a desired voltage based on the input impedance 
89. This desired voltage function is the voftage required 
for the generator 70 to produce a particular. pre~deter- 
mtned toad curve. Desired voltage output 64 along with 
actual voltage is ted into an error amplifier 62. The output 

to 65 of the error amplifier 62 represents an error voltage 
which b fed into an anatog multiplier 75 through a diode 
77. 

Attemairvefy, current, power or another energy pa- 
rameter may be used to control the output of the energy 

is source or generator 70. A signal corresponding to im- 
pedance of the target is input into the function fitting de- 
vce which provides a desrred current, power or other en- 
ergy parameter output, which is then compared to the 
measured or calculated current power or other energy 

20 . parameter. 

The diode 77 ensures first quadrant operation of the 
analog multiplier 75. The analog multiplier 75 functions 
as an amplitude modulator ot osciBalor 72 such that large • 

. ... .error voltages at output 65 reeul in targe outputs from - . 

2* RF amplifier 71. And smal error voltages of output 65 
result in smaller FF output from RF amplifier 71 . Thus. 
. ., generator 70 acts as a ctoseoMopp servo system based 

. . ... onvvoftage such that a desired toad curve is obtained. 
The loop compensation device 63 acts to stabilize the 

m servo toop. If an electrical parameter other than voltage 
is used, the form fitting function preferably outputs a sig- 
nal reflecting the difference in the altematfee energy pa- 
■ ■ rerneter. 

Referring now to Figures 6-9 a ftow chart Mustrates 

ss a method for carrying out a micropr o cessor controlled 
ernboolment of the present invention. When the system 
is turned on (btoek 200). the variables including Z^, 
V #ir— lr; l 0w##h . time over, and Zwtiev are kutetured (block 
201). The system continues to look for the activation of 

40 the RF switch (btock 202) When the RF switch is turned 
on. the interrupts are set for RF Switch {btock 203), tor 
Short Circuit (btock 204), and Open Circuit (btock 205) 
so that when one of these interrupt conditions occur, the 
microprocessor automatically goes to the instructions 

*s associated with btock 234. 

. After the interrupts ere set. the timer is started (btock 
206). A sequence is run to check the RF amplifier health 
(btock 207). e.g.. to look tor an Amplifier On signal or to 
check If certain votagee are in a suitable range, ft the 

so amplifier is operating property, RF energy is turned on 
(blocks 208 and 209). 

. .. ft the arnpfcfter is not operating correctly, an RF Off 
request is made (blocks 209 and 210) and a Hardware 
Failure Alert flag is set (btock 21 1 ). The system tooksfor 
ss a hardware failure flag (btock 233). When the hardware 
fatture is detected, tfie controller provides a hardware 
failure alert indication and shuts off: (blocks 243 and 

2*41 
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If hardware failure is not indicated (block 233). then 
V„„ and 1^ is read (block 235) to determine d any volt- 
age or current ts being supplied by the system (block 
236). When the system is first initiefczed. until the instruc- 
tion to turn on energy in block 209 is reached, there 
should be no current or voltage M there is a voltage or 
current with the RF request off. than there is a hardware 
failure. A hardware tenure alert is indicated and the pro- 
gram is stopped ( blocks 24$ and 244). 

It RF energy Is turned on (block 209). then the V^,. 
and l M are read and the impedance. Z. is calculated by 
drvkfcng the by the i^. (block 212). The controller 
checks to see if the V #raM# and flags are set 

(block 21 3). These flags are set when a rntnwnum thresh- 
old voltage is present and a minimum threshold current 
is delivered through the electrodes of the device, (blocks 
214. 215. 216. and 217): 

If the and l^w. flags aie set (213) the soft- 

* ware looks for a ume over condition to determine if the 
device has been on for a period of time in excess ot a 
^maximum. If a lime over condition ts recognized, the tsn- 
^ er flag ts set. RF energy is turned off (blocks 218 and 
21 9f and a hardware failure check is run (block 233). 

After looking for a time over ec^tftioru me controller 
checks for a short circuit or open circuit condition. II a 
short or open circuit exists, the corresponding short cir- 
cuit or open circuit bit ie set (block 220\ RF energy is 
turned off (block 221). and a hardware failure check is 
run (block 233). 

. The controller checks again for V^^^ and 1^ tn 
block 222. before proceecfing to the threshold determine 
ing portion of the circuit illustrated in Fig. 8: If the voltage 
or current old not exceed Vy^^ or f^w*** •** blocks 214 
and 216. the controller iterates the sequence beginning 
at block 212 for detecting time over, short circuit, open 
ctfcurt. i.e.. the coagulation cjompteto detection enable 
That enables the device to wait until enough current and 
voltage is dekvered to the cvcuit to check for me coagu- 
taction complete condition 

> %tlwV # ,^andl #nrf>t# flags are set; the short circuit 
and ppencwcuit bits are not set (block 220). and the time 
over condition does not yet exist (block 21 9); the meas- 
we4impedance used to determine if coagulation ts com- 
plete as follows. 

The Z vwUai flag is set during the first iteration and 
Z^ is initially assigned the measured impedance value 
(blocks 223*225). tniuaky. Z,^ « the same as the meas- 
ured irnpedance and thus block 227 is bypassed at block 
228. A calculation b made off(Z wim ) (block 228). As long 
as the measured impedance is less than the HZ^l the 
sequence is iterated (229, 231) In the next iteration of 
blocks 223-231. the newfy measured impedance is com- 
pared to the previous measured impedance wnich has 
been assigned (block 226). As long as toe imped- 
ance a decreesng. Z^i, wW be reassigned the new val- 
ue ol trie measured impeo^nce (blocks 226 and 227) and 
the steps repeated: When the measured impedance is 

Of*at*r ttian or mourn* to t|Z__>. » « tHo IhrMhoM imMd. 



ance. the coagutation complete flag is set (block 230) tf 
coagutation complete flag is set, the RF ts turned off 
(block 232) and the hardware failure check is run. 

tf after the initial run through the program a hardware 
s failure alert occurs (block 233. 236) or an interrupt oc- 
curs, the program determstes the cause and indicates 
as such (blocks 233-242). The V^, and 1^ are read, 
(block 235) If no current, or voltage b being delivered to 
the system, the controller checks to see If the open ev- 
ict curt, short circuit or time over flags riave been set (block 
237). If so then a signal indicates which flags have been 
set. and the program is returned to start (blocks 240. 
242). Simsarty. the centred cr>ec^ 
complete flag (block 239V ** tnere was the coagulation 
complete flag has been seC » win be indicated for ten 
seconds (bkxk241). if not. 4 vrHI be inojcated as not com- 
plete (block 240) and the program wiU return to point at 
the start (block 242). Preferably the electrical compo- 
nents selected to carry out the steps of Figs 6-9 are 
20 adapted to provide a complete iteration of al the steps 
at least every 1/50 second. 

Referring now td Figs. 1-5 there is iftusfrateb an in- 
strument to be used In conjunction with the impedance 
feedback device of the present invention. An endoscopic 
2S linear cutting and stacking iristrument 10 is ^own reaving 
a housing 16 coupled to a shaft 30 with a tumen extend- 
ing therethrough and an end effector 15 extending from 
the distal end of the shaft 30 The end efteetor 15 com- 
prises first and second eterrwits wrtk^ areo^^ of 
do Vitertax^ jaw member* 32. 34. J^ 

ably secured to Jaw member 34. The housirig 16 has a 
clamping trigger 1 2 for closing jaw members 32. 34. Jaw 
members XL 34 are shown In an urxrfam^ pceition in 
Fig. 2. *« ectomped position prior to instrument firing in 
9S Fig. a and in a damped position after instrument firing 
in Fig. 4. 

Jaw member 32 comprises an anvil 18. U-shaped 
electrode 39 extending along the length ot the jaw 32. 
and a U-shaped insulating material 31 surrounding the 
40 outside of the electrode 3Sl Jaw rnember32r«anir*>er 
surface 33 which faces an inher surface 35 of jaw mem- 
ber 34. The U-shaped electrode 39 comprises two elec- 
trically wnm u nicating o le cl i od e bars 27. 28 forming a 
first pole and located on and extending substantially 
*s along the length ot me inner surface 33. The U-shaped 
electrode 39 is comprised of a conductor, such as. alu- 
minum or surgical grade stainless steel. TWe bars 27, 28 
are separated by a knife channel 29 extending tongitu- 
cknaBy through the midole of the electrode 39. Pockets 
so 36 located on anvil 18 for receiving staple ends are lo- 
cated along the inner surface 33. lateral to and outside 
of bars 27. 28. The electrode bars 27. 26 and insulating 
materiel 31 form a ridge 56 extending out relative to an 
anvil portion 37 of the inner surface 33 (Fig. S\ The etec- 
55 vode 39 acts as a first pole of a bipolar system. The a nvtl 
18 is formed of an elsctricaiy cono^x^e material and 
acts as a second pole of the bipolar system, electrically 

oodocM to Scat ftal* TK« m~>M iO *• »l»*i<:«»V 
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feted from the electrodes by the U-shaped insulating ma- 
terial 31. 

Bipolar energy may be supplied to the end effector 
15 from electros ufQical generator 40 (rig. 10) through 
wires 1 9. 20 extendmg into the body 16 of the instrument. 
The generator 40 is user controeed by way of switch 42 
(fig. 10). Wire 19 provides electrical current to the elec- 
trode 39 through electrical contact means extencSng 
through shaft 30. Wire 20 carries a current to the anvil 
18 and is coupled to the anvil 16 through an electrical 
contact means ex te nding through the shaft 30. The elec- 
trical ctrcu* is dosed when and only when the damping 
trigger 12 is dosed. A means of connecting the wire to 
the corresponding electrode as wet! as instrument actu- 
ation means are described in parent a ppli cat ion S.N. 
OBA095.797, incorporated herein by reference. 

Jaw member 34 comprises a cartridge channel 22 
and a cartridge 23 inserted into the cartridge channel 22. 
The cartridge 23lr«lude*alrs<A25hxw«^ ia »kni<» 
channel 2ft exten&n^^ center 
of the cartridge 23, a seoes of drivers 24 extending into 
the track 25 and staples 17 arranged in two sets of par- 
age! double rows: When tissue is engaged between 
clamped iaw members 32, 34, a firing trigger 14 located 
on housing 16 n^ be actuated to advance a cutting el- 
ement 11 through the; engaged tissue to cut the tissue 
SiffMJflaneously. whert -the tying trigger 14 is actuated, 
the wedge 1 3 is advanced mrough the track 25 causing ■ '■ 
the drivers to 24 to displace towards the staples 17. 
thereby dnvvtg the staples 17 through tissue and into an- 
vil pockets 36. 

in operation; the end effector 1 5 of the instrument is 
located at a tissue site Where usiue is to be treated. The 
jaw members 32. 34 are opened and tissue is tten 
placed between the interfacing inner surfaces 35. 33 re- 
spectively of jaw memoers 32; ^ the cla mpi ng trigger 
12 issqueeiedtocausethe jewmemDefs.32. 34 toctoee 
to locate and compress tissue between the interlacing 
Inner surfaces 33, 35. The closure of the dampvtg tngger 
12 also closes the electric al drcuri When the tissue has 
been a p propriately situated between the jaw members 
32. 34, a user may apply RF energy from the generator 
40 using a user actrvated switch 42. Current flows 
through the compressed tissue between the electrode 
39. Le.. the bars 27. 28. and the anvil 18. 

After the RF energy is turned off. the controller indi- 
cates the instrument status, e.g., open circuit, short or* 
cu*. coagulation complete, time over, rf the coagulation 
complete status is indicated, the firing trigger 1 4 may be 
actuated to advance cutting element 11 through knie 
channels 26. 29 to cut en ga ged tissue betwee n the bars 
27. 20 where the tissue has been cauterized. Simultane- 
ously, the firing trigger 14 aoVances the wedge 13 
through track 25 to advance drivers 24 to tire staples 1 7 
through tissue and into pockets 36 of the anvil 18. Thus, 
the cut line is lateral to the coagutebon ines formed by 
the bar ete ui ode s 27. 28 and staples 17 are applied into 
tcngitudineoy double rows on each side of «%e cuttino el- 



ement 11 as the cuttvtg element 11 cuts the tissue. 

The invention described and the specific details and 
the manner in which tt may be carried out having been 
exemokfted it win be readily apparent to those staled In 

5 the art that innumerable variatnns, modifications, and 
extensions of the basic principles involved may be mada 
without departng from** spirit a*d scope of tha present 
invention/ The impedance feedback system as de- 
scribed above is used to indicate when sufficient cauter- 

i o izatton has occurred. When coagulation is complete, a 
signal may be provided by a controtter to a user, or a 
tu moser may auiornstticaMy turn off the RF energy. Oth- 
er signals may be provided to an instrument user as we 1. 
For example a tone corre*porxkr^ to tto nioasured ^ 

>s pedance may be provided to a user to audtoty monitor 
the change in impedance. 

It is also intended that this ^wtoancyor method be 
used wah numerous type* of electmsurg^cal instruments 
inckKfcng rnonopotar, b jpo fa f arid rnuttipolar configure* 

** bom; The imped ancaf a ecfca ck system may be included 
in part or in whoto with the actual instrument as a sep- 
arate unit anchor with the energy source or generator. 



ss : ctetme 

1 r - A control device cctnprising: 

impedanca meas^ur^^ adapted to 

be co upled to tissus-contactmg^ e assod- 
30 ated Walt a tissue-treating pwtibn of a surgical 
instrument and loan energy source actuated to sup* 
ply therapeutic electrcmirg^ energy to said elec- 
trodes; and 

an energy turtb£l signal adapted to control RF 
J* energy suppked from said energy source to said 
electrodes. 

wherein said fcfi ip e dj nce m e ee u c ement cir- 
cuitry is adapted: 

to measure the impeoance c« fiesu* engaged 
40 by said tissue-tre a ts^ pcytw 
ment; . 

to c^srmine a mirwnum impedance value; 

tod at e miin s a target impedance value as a 
function of said minirnum impedan^ 
45 to compare measured i m pe da n ce vetoes to 

said target impedan ce value; and 

to after said energy control signal when said 
measured impe da n ce value ex cee ds said target 
impedance value. 

so 

2. The control device of daim 1. wherein sa* imped- 
ance measuring cfccutoy includes: 

a first device lor detemwng the minimum 
impedance value; 
« ase w ido^vk ^ eoupledtosaid rsU devl ce tor 

btoemMng ttia target smpedanca votoa as a func- 
tion of said minimum snpedance value: and 
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ance values to said la/gat impedance value and for 
generating a signal ndcatmg whether said meas- 
ured impedance value exceeds said target imped- 
ance value. 

I. A control device adapted to be coupled to an energy 
source for providing electrosurgical energy to tissue 
to be treated, the control device composing; 

a first input for receiving at toast one of a ttrst 
signal representative of voJlagor delivered from said 
energy source to said tissue and a second signal 
representative of current detwered from said energy 
* source to said tissue; 

a second input for receiving a third signal rep- 
resentative of a target impedance for sa*d tissue on 
the energy source, determined from the first and 
second signals; and 

a function fitting device tor proofing a fourth 
signal representative of desired energy output 
according to a system bad curve, the fourth signal 
corresponding lb desired energy output for the tar- 
gel load rnpedance represented by the third signal; 

wherein said control devtc* is adapted to: 

control energy output by the energy source 
based on the third signal representative of the toad 
mpedance; and 

control the energy source to bring electrosur- 
gical energy delivered by the energy source to the 
target within a range of desired energy output based 
on said system load curve 

4. Thecoma* device c4 claim 3 w^ 

parison device for comparing said fourth signal, rep- 
resentative of desired energy output, to at least one 
of said first and second slgnais; s^ compemon 
device being adapted to provide d control signal tor 
controlling tak) energy source. 

5. 'The control device of claim < Wherein said control 
r signal represents a difference between said fourth 

signal and said at least one of said first and second 
signets. 

6. A generator for providing electrosurgtcaJ energy to 
an electros urgicat device, said generator compris- 
ing: 

an electrosurgical energy source for providing 
etoctroeurgical energy to said electrosurgical 
device: and 

a control device according to any one of claims 
i to 5. 

-•wherein the control device is arranged to con- 
trol the output Of satd energy source. 

7. • An electrosurgical device for treating tissue durmg 

a surgical procedure, the electrosurgical device 
comprising: 

etoctrieafty isolated first and second elec- 



trodes adapted to contact tissue to be treated and 
to cause electrosurgrcat energy to be conducted 
between said electrodes through said tissue; and 

a control device according to eny one of claims 
5 i to 5. 

wherein the control device is adapted to con- 
trol the output of said electrosurgical energy 
between said electrodes. 

io a. An etectrbsurgicaf device tor treating tissue during 
an electrosurgical procedure, the electrosurgical 
device comprising: 

etectricaly isolated first and second elec- 
trodes adapted to contract tissue, to be treated and 
is to cause etectrosurgicat energy to be conducted 
between said electrodes through said tissue; 

an etectrosurgteaf energy source for providing 
said etectrosurgte^energv to said electrodes; and 
a control device according to any one of claims 
20 t to 5. 

wherein saki control device is arranged to con- 
trol the output from said electrosurgical energy 
source to said electrodes. 

2S 9. the eiectrosurgteaJ device of claim 7 or 8. wherein 
said first electrode is located on one of a first and a 
second element and wherein said first and second 
elements are movable relative to each other for 
engaging tissue therebetween. 

jo» ' " • 

10. The electrosurgical device of daim 9. wherein said 
eecorKielectrcdeislcc^ 
first and second elements, 

35 11. The electrosurgjcaJ device of daim 9. wherein: 

said first and second elements each com- 
prises an interfering surface for engaging tissue to 
be electrosurgicafV treated* 

said first and second electrodes each com- 
40 prises one or more electrode elements located on 
said interfacing surfaces: and 

said first and second electrode elements are 
offset from one another with respect to said interlac- 
ing surfaces. 
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